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The goal is for the electric power system to exhibit a degree of resilience suct
that for severe transmission system disruptions, likely coupled with extensive
distribution system disruption, load service (especially for critical load at
essential facilities, but also fasther load) is minimally interrupted or not
Interrupted at all.
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and alternative configurations of combinations of wires (i.e., hardened
T&D assets) and local distributed resources that best serve Puerto Ricans
In safeguarding against the effects of shadrm and extended electric
system outages thatcanocckhO A OAOOI O 1T £ OAOAO
Order9117]



Optimization Proceeding Objective

U Determine a reasonable, neaoptimal mix of:
U additional transmission investment for the PREPA identified
MiniGrid regions; and
U local distributed resource deployment.

u Determine the way resiliency investments would be made:

U Direct customer installation
U energy or energy/capacity resources behind the meter,
U with or without PREPA tariff-based or procurementbased support;

U PREPA resource procurement (direct RFPs/PPOA, DR tariffs, other formdesd-
in tariffs);

U PREPA installation of transmission or distribution equipment (traditional); or,
U A combination of these mechanisms.



Two Types of Resiliency Solutions
Not Mutually Exclusive

T&D System Hardening Approach VS. Distributed Resource Approach
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MiniGrid Approach N,
Undergrounding of existing/new Soure: San e — o
transmission infrastructure DER Deployment
Selective substation hardening U Site-specific DG or microgrids serving
$5.9B in MG Tx expenditures, + critical (& other?) load during grid outage
additional distribution $ U Distributed resiliency
Ensure sufficient capacity to meet U Avoids some level of T&D expenditure

critical/ other load



Workshop Objectives

Workshop 1

U Engagement and discussion 7 stakeholders/PREPAz informal

U Define resiliency or need
U Electrical service to critical / essential facilities, and other load (to what extent?)
a MW, MWh? Load Factor (how much is critical)? Time horizons (duration)?
i SDPAAEAU &£ Oi O T £ OAOEI EAT AU O11 OOEI
U Distributed resources at load (capacity, energycluding microgrids, and single site DER
U  Transmission & distribution upgrades delivering capacity, eneldye sky & storms

u How will resiliency solutions be procured and paid for, and how does that affect
optimization?
U t N QGAOFEtAGASAY GAYS K2NRIT 2y aKk pK2 LIl eakgKIi &SN¥
U Methods to rapidly deploy DER as resiliency solution
U Funding sources any impact?
U Define/discuss/refine analytical approach
U Load segmentation to determine negdt what granularity? Why?
U Determine/estimate costs of alternativesn aggregate T, D, GIS, microgrids, staalbne DER
U Means to determine which resiliency solution will be used for which loadsyuede

U End result Guiding principles for optimizationz practicality, not perfection
U determine which transmission to proceed with
U determine DER deployments

O
>

Issues Summary and Remaining Workshops
U Next slide



Issues and Remaining Workshops

U Issues; How does optimization address:

Ga. ftdzS aileéeé¢ I yd&al DBRIeSdurkeS seWiée bgtttnsrival and

weather event circumstances

U Consideration of the avoided costs of T, D for DER solutions

U Uncertainty of costs for both forms of solutions

i Transmission grid is integratecMiniGridl y R~ dmisyeE A Y FNJF a0 N

U126 R2Sa 2LWGAYATIGAZ2Y | RRNBaa da20KSNE GNI y3

U Remaining Workshops

U Review transmission projects/categories; determine which are reasonable to
proceed

U San Juan / Bayamon projects first
U Distributed resources for balance of resiliency need

Optimization- Workshop #1 0



Workshop Day 1 Topics

A Analytical Approach

A Load Segmentation

A MiniGrid (MG) Transmission Elements
A Distributed Resource Options



Questions & Discussion

u Objectives
U Agenda Items

U Process

Optimization- Workshop #1 11



Overview of
Analytical
Approach
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Analytical Objective

Determine reasonably lowest cost mix oMiniGrid transmission

assetsand DERs to enhance grid resiliency

IAAT OEAU O1 1T OACOAOOGe O11 OOEITT O +«
U Transmission infrastructure hardening
U Microgrid or stand-alonedistributed generation

Refine analysis for more difficult transmission vs DG cases

Recognize that DER resources for grid resiliency are also available
A O OA1 OA OEUo6 AAUON AiT 1T OAOOAI Uh
energy needs can be doublpurposed to also provide resiliency.
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weather/islanded mode.



Analytical FAmework for ResilienGrid

1. Identify and define classes of customers regarding the criticality of
electricity service and associated expected levels of resiliency.

¢8 )AAT OEAZU AT A AAOAOEAA OEA AOOOI
energy supply for resiliency.

3. Provide microgrid and related singlesite (individually, or in the

aggregate as VPPs) local capacity and energy solutions for both resiliency
and normal energy/capacity needs.

4. Determine transmission costs, avoided transmission costs.

5. Optimize transmission and distribution (T&D) system expenditures for
OAOEI EAT Auh ET Al OMirGri@coAceppAAOO 1 £ 0
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Detailed Analytical Approach

Segment the load
Determine the resiliency need by segment

U Define what is criticalz type of load (e.g., essential facilities) and the
Ei i OOAI d@4. Il@mgeratlon and water pumps)

U Quantitative metrics to define capacity/energy need (e.g., MW, MWh, load
coverage to provide resiliency)

Assess cost of DER solutions
Assess cost of transmission system to serve dense critical load clusters, other
Split resiliency approach into two groups:
U MiniGrid approach (T&D system hardening)
U DER approach (microgrid and stanehlone, single site DER)
7EAO x1 OEO NOEAEI Uerm?EAO0G60 AAOO Al <
Test costeffectiveness
Determine transmission builds
Determine DER builds



Datalnputs to Analytical Approach

Load inputs; for segmentationg capacity, energy, by segment
Requirementg; resiliency need for essential facilitiegher load (% ?)

Cost, and coverage (kW, kWh), for DER solutions (data source: Sandia?
NREL? Actual installations?)

U PV/BESS standalone / Other generation?

U Microgrid
Cost, and coverage for transmission & distribution solutions under
MiniGridapproach, from IRP Order, Appendix 1

U Tx costs by component and typmiQigrid vs norminigrid)

U Tx costs by technical justification

U Distribution

U Address what data is confidential, what is needed for optimization

Estimate of avoided transmission, distribution costs with DER approaches
for resiliency



Optimization- Workshop #1

San Juan / Bayamon

Resiliency Approach Matrix
lllustrative

Comparison Metrics and OutcomesMiniGrid (MG) and
microgrid/DER Solutions

Essential Customer Type Example: Peak| Example: Comment Default form of servicg Total load | Costg Costg Microgrid/DER | Cost of Resiliency| Cost of
Facility Loadof Essential] Energy % for resilience served by | MiniGrid ($/MWh) MiniGrid | Resiliency
Category Facility Category of normal for solution ($/MWh)
resiliency DER

1¢Very Airports, Large Hospitals, Major  [5-10 MW Actual load |Site specific, customized solution, higiMiniGrid connected
Large/ Critical| PRASA (water/sewer) factor (100% |critical infrastructure
Loads of all load)
2¢Large Hospitals, nursing homes, large  |1-5 MW 50-100% Site specific, customized solution, higiMinigrid connected or

pumping stations, arenas, military critical infrastructure but not optimally [Microgrid

installations, government buildings located forMiniGrid

serving essential services
3¢Medium/ |Fire, police, water/sewer pumping,[250-1000 kW  [50-100% Opportunistic connection Microgrid or stand
Large large town centers to Minigrid if <1 mileaway alone
4 ¢ Medium/ |Small town centers/dense 50-250 kW 25-50% Opportunistic connection Standalone
Small residential areas to Minigrid/microgrid if<%2 mileaway
5¢ Small Grocery store/gas stations 5-50 kW 25-50% PV/BESS/IC units Standalone

PPOA/FIT/DR
6 ¢ Very Small Telecommunications towers <5 kw 100% PV/BESS/Integrated Circuit (L®)ts Standalone
PPOA/FIT/DR

7 - Other Residences, other single sites <10 kW 25-50% PV/BESS NEM/DR




Questions & Discussion

Resiliency Approach Matrix?
(1 x NOEAEI U AAl ODAAEAEAR Ol AAOO OACOAOOS
OOAAEO AZI O AlI'Il OOOOAOEI 1l e ¥ %8C8h xEEAE 3AI
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How do we determine the value of avoided transmission costs?

U Simple $/kW? Which $? Which kw?

Distribution hardening is key to allow critical load service for any project associated with
transmission.

U How to align D with T projects? Wasted T if D not addressed?
How does DER payment / control / accounting work for blue sky vs. resiliency needs?

Who pays for battery capacity (customer or PREPZA)how much, through what
mechanism? How to measure quantity? Does PREPA control via VPP/DR aggregator?
How is control instituted?

Who pays for solar PV panelg how much and through what mechanism?
Who pays for transmission / distribution? Spread across all load? Does all load benefit?



Load
Segmentation
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Purpose of Load Segmentation

i 86 DOEI AOU DPOODPI OA T £ A AAOAOI ET A
approaches at the very outset of the proceeding is to appropriately
AAZET A AAOAT ET A AOEOAOEA A& O xEE
OPOEI OEOUo6 11T AA Al O béfechvendskofi £ A
Al OAOT AOEOA OAOEI EAT AU OI11 OOEITO

Optimization Proceeding Order, page 8
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Objective of Load Segmentation

To optimize expenditures between wires and DERs, must first identify
AT A AAEET A OEA OAOEOEAAI &6 1O 1 OE/
with respect to both the size and location of that load.

Capacity and energy needs are required, in part to test ability of PV
alone to meet needs for DER solutions for some load segments.

A Some critical service needs come with a high load factor requirement (with respect
to normal peak), and energy need may drive the requirements more than peak load.

A Other critical service needs may be minimal with respect to normal peak (e.g.,
household needs).

After identifying the loads, the costs of potential solutions will be
determined, as applicable.



Approach to Load Segmentation

u Customer segmentatlon

u

0
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By essential facility classification orcustomer class (see Resiliency
Matrix)

By time z Energy and peak demands by day, daype (weekend vs.
weekday), season

By size (kW or MW peak demand, and kWh consumption patterns)
By type of load (resiliency need): e.g., PREPA defines need as

critical, priority, and balance
U But other definitions considered for purpose of optimization (e.g., portion of

~ N pa ~ ya ~ s N

OAA1T AT AR 1T AA OEAO EO AOEOEAAI N AT A
By locationz Minigrid region, substation, feeder, transmission line, other?

T EAAAAC
AU AA 11

|
|
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feeders for maximizing integration of distributed generation



Ptimization- Workshop #1

San Juan / Bayamon

Resiliency Approach Matrix
lllustrative

Comparison Metrics and OutcomesMiniGrid (MG) and
microgrid/DER Solutions

Essential Customer Type Example: Peak| Example: Comment Default form of servicg Total load | Costg Costg Microgrid/DER | Cost of Resiliency| Cost of
Facility Loadof Essential] Energy % for resilience served by | MiniGrid ($/MWh) MiniGrid | Resiliency
Category Facility Category of normal for solution ($/MWh)
resiliency DER

1¢Very Airports, Large Hospitals, Major  [5-10 MW Actual load |Site specific, customized solution, higiMiniGrid connected
Large/ Critical| PRASA (water/sewer) factor (100% |critical infrastructure
Loads of all load)
2¢Large Hospitals, nursing homes, large  |1-5 MW 50-100% Site specific, customized solution, higiMinigrid connected or

pumping stations, arenas, military critical infrastructure but not optimally [Microgrid

installations, government buildings located forMiniGrid

serving essential services
3¢Medium/ |Fire, police, water/sewer pumping,[250-1000 kW  [50-100% Opportunistic connection Microgrid or stand
Large large town centers to Minigrid if <1 mileaway alone
4 ¢ Medium/ |Small town centers/dense 50-250 kW 25-50% Opportunistic connection Standalone
Small residential areas to Minigrid/microgrid if<%2 mileaway
5¢ Small Grocery store/gas stations 5-50 kW 25-50% PV/BESS/IC units Standalone

PPOA/FIT/DR
6 ¢ Very Small Telecommunications towers <5 kw 100% PV/BESS/Integrated Circuit (L®)ts Standalone
PPOA/FIT/DR

7 - Other Residences, other single sites <10 kW 25-50% PV/BESS NEM/DR




Load segmentation granularity- IRP

U Is this sufficient granularity for DER considerations? [No?]

Exhibit 2-2: 2019 Deemed Critical/Priority/Balance Load’

2019 Critical/Priority/Balance Night Peak Load , MW

MiniGrid Total Load Critical Priarity Balance % Critical % Priority % Balance
Arecibo 2342 117.2 a6 S6.4 S0% 26% 2%
Caguas 306.7 128.2 74.4 104.1 42% 24% 34%
Carolina 3108 132.9 33.7 144.2 43% 11% 46%
Cayey 101.1 59.7 29.9 15 59% 30% 11%
Mayaguez North 163.5 85.1 s 70.9 52% 5% 43%
Mayaguez South 161.7 110.4 9.7 416 6E% 6% 6%
Ponce 3323 144.2 79.2 108.9 43% 24% 335
San Juan 1050.7 399.0 185.0 466.7 3% 18% 44%

Total 2660.9 1176.7 480.0 1004.2 4% 18% 38%

Reference: IRP_19 Substation LoadProcessing Final.xlsx
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Critical / Priority / Balance Load

0 What is the amount of critical load requiring resiliency solution?
U PREPA IRPQritical load represents the peak consumption of the total load
connected to feeders that serve any critical customer
U PREPA noted thaup to 1,177 MW of critical load could exist.

U Is this the right # for DER optimization that targets individual facilities, and
not entire feedersMo.

U How does this impact the optimization?

U Need to consider actual critical and other customer load served under each
of the respective solutions.



Open Discussion / Questions

Feedback on load segmentation approach

What load is critical?

What are best sources for load data PREPA only?

How to fill in Matrix

Is data on the loads of critical customers readily available?

Other considerations?



Break
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MiniGrid
Transmission
Elements
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Bureau Orderz MiniGrid/DER Approach

U The Bureau intends at each workshop to start with an identification of the

most critical, and reasonably obvious, transmission grid needs for infrastructure
upgrades, dependent in significant part on identification of the location and size of
the most critical larger loads, their proximity to the transmission system, and the
relative density of all such critical loads in proximity to the transmission system in
AAAE OACEITT jE8A8h A OO0 P Al x1d6 ADPDOI A
solutions).

U Simultaneously, each workshop will identify those locations where a DER
approach to providing resiliency is likely more reasonable than a transmission
iInvestment, by examining, for example, smaller size critical loads in lightly loaded
areas furthest from the transmission grid or critical loads regardless of size or
geographical location, but electrically distant from a transmission connection

pi ET O jEB8A8h A OAT O0iI I OpP6 ADPDPOI AAE Ol
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Mayaguez North
Minigrid

PREPA Transmission System

Exhibit 2-7: PREPA Transmission System Map with Proposed 115 kV Investments
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Transmission MiniGrid Elements

MiniGridd AT AT AT 66 AOA A bDPOI bizleldéned) O/
new & existingz intended to promote resilient system operation.

MiniGrid infrastructure includes transmission, substation, and

distribution system elements.

U PREPAMIniGrid approach included thermal and BESS capacity within regions.

U Hardened system allows critical load service to be retained in event of severe
disruption.

IRP
u " O0OAAO APDPOI OAA Ac AEI I EMiniGridEanOmisAianO AT OE A
U Remaining proposed $5.8 billion is for review in this proceeding.

Optimization proceeding review:

U Focuses on determining which wires components of MG approach are optimal to
provide resiliency, and where DER is a better alternative.

Next slides: summary oMiniGrid costs and type of infrastructure
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'\ 115 kV MiniGrid Elements

Exhibit 2-85: 115 kV MiniGrid Transmission Investment by Project Type, $ million

Project Type Arechbo  Bayamdnm  Caguas  Carolina Isla Mayaguez Ponce  San Juan Total
Line Hardening/Reconstruction 93 415 821 63.0 B6.9 1025 54.5 391 4789
New Transmission Line 0.0 0.0 2.2 0.0 0.0 0.0 0.0 0.0 2.2
New Underground Construction ED2 57.7 1452 1816 0.0 0.0 0.0 120.1 5854
Switchyard Hardening/Reconstruction 205.2 208.4 2518 181.7 0.0 208.7 364.9 3209 17416
Grand Total 2953 307.5 481.2 426.3 86.9 3112 4195 4801  2808.1

Exhibit 2-87: 115 kV MiniGrid Transmission Investment by Technical Justification, $ million

Technical Justification Arecibo Bayamdn Caguas Carolina Isla Mayaguez Ponce SanJuan Total
Interconnection of Minigrids 0.0 0.0 17.2 0.0 56.4 0.0 0.0 0.0 :
Minigrid Backbone Extensions to
Create High Reliability/Resiliency
Zonas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 70.4 70.4
Minigrid Main Backbone 271.4 254.8 372.0 294.7 30.5 2154 3065 3221 2067.2
Interconnection of Critical Loads 0.0 36.0 0.0 52.0 0.0 0.0 67.7 0.0 155.6]
'Etisling Infrastructure Hardening for
'Fl.eliahilitv,.r 0.0 4.5 B65.0 58.8 0.0 66.2 0.0 50.2
| Aging Infrastructure Replacement 23.9 12.3 27.1 20.9 0.0 29.7 45.3 374 ::|
Grand Total 295.3 307.5 481.2 426.3 86.9 3112 419.5 480.1 EBﬂE.IJ

Reference: MiniGrids CapEx Summary_ wPrionty Final xlsx
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38 kV MiniGrid Elements

Line Hardening/Reconstruction 57.0 13.6 188.5 4.0 17.2 203.7 2.4 108.7 B37.
Mew Transmission Line 0.0 0.0 23.2 0.0 0.0 25.5 0.0 0.0 48,
Mew Underground Construction od.4 1119 153.2 1153 0.0 2151 4128 145.4 1228,
Switchyard Hardening/Reconstruction 1313 84.7 147.8 57.0 0.0 1582 3582 169.8 11071
MNew Substation/Switchyard 0.0 0.0 13.6 12.2 0.0 0.0 0.0 0.0 25.8|
Grand Total 2527 220.2 526.5 230.5 17.2 eld2e 7734 423.8 ME!I

Reference: MiniGrids CapEx Summary_wPriority _Final xlsx

Exhibit 2-91: 38 kV MiniGrid Transmission Investment by Technical Justification, $ million

Technical Justification
isting Infrastructure Hardening for

Reliability 0.0 0.0 154.7 41.5 0.0 198.0 00 0.0 394.2
Interconnection of Critical Loads 240.5 209.3 298.7 159.4 10.4 3209 7588 3438 24129
Imterconnection of Minigrids 0.0 0.0 55.3 0.0 0.0 0.0 13.6 0.0 69.0
Minigrid Backbone Extensions to Create
High Reliability/Resiliency Zones 5.3 10.9 26 29.6 6.8 0.0 0.0 80.0 135.2
Minigrid Main Backbone 6.9 0.0 15.1 0.0 0.0 13.6 0.0 0.0 35.65

Grand Total 252.7 220.2 526.5 230.5 17.2 o026 7734 423.8 Mﬂ
Reference: MiniGrids CapEx Summary_wPriorty Final xlsx
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MiniGrid Elements Cost By

Project/Infrastructure Type

$ Millions Arecibo [Bayamor|Caguas |Carolina |Isla Mayague|[Ponce |San JuanGrand Tota
115 kV Switchyard 17 7 24
115 kV Transmission Line 9 42 84 63 87 102 55 49 491
115 kV Underground Line 81 58 145 182 120 585
115/38 kV Transmission Center 24 8 36 36 28 44 37 213
230/115 kV Transmission Center 9 26 21 23 78
38 kV Switchyard 9 10 13 14 58 104
38 kV Transmission Line 57 11 212 46 17 229 2 a4 618
38 kV Underground Line 64 125 153 115 - 215 413 212 1,297
Gas Insulated Substation 313 250 350 205 305 643 393 2,459
Grand Total 548 528 1,013 657 104 914 1,193 913 5,870
Source: IRP (Redacted Transmission Appendix)
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MiniGrid and NonMiniGrid Cost
Components by Technical Justification

$ Millions Arecibd Bayamén Cagua$ Caroling Islal Mayaguez ~ Ponce San Juap Grand Tota|
Existing Transmission / Non-MiniGrid

Aging Infrastructure Replacement 29 29
Existing Infrastructure Hardening for Reliability 327 197 83 - 701 71 276 209 1,864
Existing Infrastructure Hardening for Reliability 38 38
SubTotal Non-MiniGrid 327 197 83 - 738 71 276 238 1,930
MiniGrid Transmission

Interconnection of Critical Loads 240 245 299 211 10 391 827 344 2,569
Interconnection of Minigrids 72 56 14 143
Minigrid Backbone Extensions to Create High

Reliability/Resiliency Zones 5 11 3 30 7 150 206
Minigrid Main Backbone 278 255 387 295 30 229 306 322 2,103
Existing Infrastructure Hardening for Reliability - MG 5 220 100 264 60 648
Aging Infrastructure Replacement-MG 24 12 33 21 30 45 37 202
Subtotal MinGrid 548 528 1,013 657 104 914 1,193 913 5,870
Grand Total 875 724 1,097 657 842 985 1,469 1,151 7,800




Other Transmission Costs

Exhibit 2-97: Other Transmission Investment by Project Type, in $ million

Technical Justification Arecibo Bayamdn Caguas Isla Mayaguez Ponce Sanluan Total

Aging Infrastructure Replacement 0.0 0.0 0.0 0.0 0.0 0.0 28.8 28.8

Existing Infrastructure Hardening for Reliability 327.3 196.8 83.2 777.1 70.8 303.5 209.2 1967.8

Reference: MiniGrids CapEx Summary_wPriority Final xIsx

Exhibit 2-98: Other Transmission Investment by Voltage, $ million

Voltage Arecibo Bayamén Caguas Isla Mayaguez Ponce SanlJuan Total

115 kV 178.8 71.8 0.0 211.3 0.0 50.7 70.5 583.2
115/38 kv 0.0 0.0 0.0 0.0 0.0 0.0 28.8 28.8
230 kV 28.1 0.0 0.0 543.7 0.0 0.0 0.0 571.8
230/115 kv 3.5 14.4 0.0 0.0 0.0 0.0 0.0 17.9
38 kV 116.9 110.6 83.2 22.1 70.8 252.8 138.6 795.0
Grand Total 327.3 196.8 83.2 777.1 70.8 303.5 238.0 1996.6

Reference: MiniGrids CapbEx Summary_wPriority Final xIsx
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distribution

0 115kV / 230kV transmission Lines
U &y Stérmidbjective is to provide hardening/resiliency and/or rebuild
MH ON}yYyavYAiaarzy fAySéaeadpmoTt OA ND
U Distribution
UGXdpp FSSRSNB 6SNB ARSYUGATFTASR I a
repair. These feeders have been included in the #ieem and
Of FAaaAAFTASR AY (UKS FANROGO OGASN 27
U How do these proposed infrastructure projects align with
MiniGrid, or nonMiniGrid, transmission?
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Questions and Discussion

What are the categories of transmission, or specific projects, that are
readily seen as reasonable for installation? Any?

Can this be easily discerned?

Where are thanost densaurban clusters in the San Juan region? Other
regions?

ShouldMiniGrid hardening needs be separate from other transmission /
distribution hardening needs?
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DER Options and
Distributed

Resiliency
Approach
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DER Resiliency Solution Options and
Approach- General

U Options: Provide capacity and energy at specific facility locations, to
serve criticalz and other?- load
U Microgrids
U Standalone DER

U Virtual Power Plants (VPPY aggregate of standalone DER, possibly microgrid
resource

U Demand Responsg battery offerings through DR regulation

U Approach: Determine locations across Puerto Rico best suited to DER
(distant from hardened grid; less densely loaded areas)

U Identify microgrid options
U Identify stand-alone options

U Determine deployment methods



DER Options and ApproachSpecific

Hi Level Costs, Attributes of DERSs
u Capacity
U Energy
U Ancillary Services (AS)
u Controllability

Considerations: Who pays? How? Capacity and energy? AS?

Determine/estimate which loads best served by DER approach

U How to address smadicale, kW size needsesidential, small commerciglmass
market.

Determine/estimate which load best served lyniGridapproach

Parameters to roughly bound solution sets:

Broadly: rural vs. urban / dense vs. less dense load

Distance from potentiaMiniGrid/ distance from existing transmission
Feeder load locational analysis

Transmission/sutransmission system connected load

Existing data from PREPAritical load levels by feeder, other?

R - et S e et
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PREPA Distributed Resiliency Approach

0 DER approach minimal, limited to microgrids; 50 zones identified

U Identified critical, balance and balance load within each optional
microgrid. No detailed analysis, cost, or deployment options assessed.

U Portion of Exhibit 2.4 (Appendix 1, IRP):

MiniGrid Microgrid Name
VILLALBA (Toro
Negro) 7.4 1.9 1.9
PORTUGUES 0.4 0.0 0.3
CARRAIZO 1.8 0.0 10.7
NARANIJITO 6.6 0.2 6.1
PINAS 4.4 0.0 11.6
San Juan UNIBON 0.0 3.2 5.3
VILLA BETINA 3.9 7.0 15.2
QUEBRADA NEGRITO 0.0 0.0 4.5
COROZAL 6.0 2.7 0.0

Reference: IRP_19_ Substation_LoadProcessing_Final xlsx



SandiaDistributed Resiliency Approach

U Sandia identified 159 candidate microgrids, supplemented with backup
generation to critical assets in locations that may not warrant a
microgrid.

U System costs $1.2B if only critical loads served by microgrids and $2B
to serve both critical and noncritical load.

U A large cluster of portfolios achieves performance benefits close to the
do-everything scenario at cost on the order of $30&400M.

U Estimate total microgrid cost on the order of $1.32M per MW of
peak load required for the microgrid

U Appendix A: Microgrid Cost Methodology pgs. 560

U Latitudes and longitudes of buildings suggested under each of the
159 candidate microgrids



Snapshot from Sandia Report

Table 7. Microgrid Cost Estimates for each Microgrid Area

Microgrid Critical | Non- Option | Option | Option | Option
# Microgrid Name Demand | Critical | Al A2 B1 B2
(kW) Demand | ($M) (SM) (SM) (SM)
(kW)
1 San Juan City Hall 1079 4630 15.42 | 20.90 4.56 5.60
2 Hospital Complex 70049 9323 203.99 | 280.19 | 181.13 | 248.37
3 International Airport 122315 12805 | 346.71 | 476.42 | 314.93 | 432.35
4 Muelle De Vigjo Ferry and
Cruise Terminals 4202 4069 7T | 2 =36 i
5 Calle Cuervillas 1201 4250 14.75 19.99 4.87 6.03
6 Doctors Hospital Center 2164 2097 11.71 15.80 7.34 9.42
7 Centro Comunal El Gandel 456 1100 4.78 6.28 2.97 341
8 Conservatoria de Musica
de Puerto Rico 2655 886 . 13.26 8.60 1115
9 Pavia Hospital Complex 2032 14882 44.10 | 60.34 7.00 8.95
10 Avenida Wilson 1579 10464 31.63 | 4319 5.84 7.36
11 Avenida Doctor Ashford 2902 14966 46.54 | 63.70 9.23 12.02
12 University Sacred Heart 1332 3019 1194 | 16.12 5.21 6.49
13 FRD Airport and
Convention Center 7774 21268 il Bsall Bt Basand
14 Sagrado Corazon 1377 3848 14.18 19.19 5.33 6.65

Source: Sandia report, page 56.
O4EAOA EO A COAAO OAT CA ET OEUA xEOE OEA 1 EAOI (
be possible to further reduce the size of larger microgrids like microgrid 2, the Hospital Complex, or
microgrid 3, the International Airport, by splitting them into smaller microgrids or serve a smaller
subset of critical loads. In any case the results presented show load and cost comparative information
which can be further analyzed to determine which ones are the most important and critical for service
O 0 0OAOOI 2EAT AOOET C T AET O AOAT 60686 j 3AT AEA Of
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RMI Distributed Resiliency Approach

RMI urged a DERocused solution
U Not a detailed, comprehensive presentation of DER solution

20,000 critical facilities

Solar PV and storage

650-700 MW PV capacity
900-1,000 MWH battery storage



Microgrid Boundary Delineation

U Determine boundaries for the potential distributed
microgrid solutions

U Note: Identify independent microgride.g.some resilience
nodes may overlap)

U Can eventually look at a networked microgrid approach, where
practical

Data Inputs

U Sandia 2018 Microgrid Locations Report (159 microgrid
locations)

U Electrical distribution system layout.Q.critical loads, feeders,
switches, physical equipment, etc.)

U Assess data on relative reliability and resiliency of individu:
feeders

U ldentify existing grid resiliency solutioresd.batteries,
generators, etc.)




Microgrid Design Considerations

Responsibility U2KFG A& twot! Qa NR-pafyole? dza

Backup Duration G Duration of time microgrid required to be functional
U Minimal time needed for microgrid operation

Size U Size each microgrid system based on critical load deme
Generation U Types and composition of distributed generation
Resources considered

U Maximum allowable renewable resource coverage for microgrid

U Incorporation of available existing generation resources

U Need for any new small fossil generation given PV/BESS
economics?

Grid-Tied U Islandmode versus gridonnected



Microgrid Cost, Size, Design

Use standard sources (NREL, Lazard) to estimate costs for microgrid
system, in aggregate, at high level, for purposes of this proceeding?

Estimate total cost of microgrids

U Note: Sandia estimates total microgrid cost ~$1-8%M per MW of
peak load

Sizing and designing microgrids:

U Optimize resource mix to deliver leasist microgrid solution for each location using
techno-economic modeling tool (HOMER, DERM, etc.)

U Estimate other microgrigelated construction coste(g.overhead/underground lines,
switches, points of common coupling, etc.)

U Add safety factor to estimate other auxiliary cog#gg(EPC, controls, etc.)



How much resiliency camvoidedtransmission buy?

U $5.9 billiong MG elements (transmission onlgdistribution needs
add more

U Microgrid costs (Sandia): ~$2 million/MW

U @%$6 billion: 3,000 MW worth of microgrid.
U So why do aniiniGridapproach at all?

U Densely clustered load

U Availablility of existing resources on grid, blue sky / partial
outage conditions; supports resiliency, especially in
near/medium term¢ economies of scale for utility PV, BESS

U MiniGridg a form of a very large microgrid

Optimization- Workshop #1 49



Questions and Discussion

u Stand alone DER

0 At what scale?

How to procure?

Who pays?

Capacity only, or capacity + energy?

Timeframe of deployment

U Microgrid resources

Fully customer/third party, or role for PREPA / Other agencies?
How to design, size, integrate into PREPA grid
Feedback on Sandia distributed resiliency approach?
Timeframe of deployment

Other considerations?

cC: C. C. C C:

cC: C o o



Wrap Upz Day 1

Open Questions / Discussion

Return to:
U Analytical Approach
U Load Segmentation
U MiniGrid Elements
U DER Options

Processz Submitting information, responding to questions
Plans for Day 2
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l | a JUNTA REGLAMENTADORA
DE SERVICIO PUBLICO

Para mas informacion:

http://energia.pr.gov

@NEPRenergia

/87-523-6262

268 Ave. Munoz Rivera, Edificio World Plaza
Nivel Plaza- Suite 202, Hato Rey, PR 00918
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http://energia.pr.gov/

BackupSlidesz Day 1

Optimization- Workshop #1 53



c"‘oo X sy
o &
o *

M \ICDA

I Nl 71

Q@
-
k4

10-Year Plan Near Term Transmission
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